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Description 

The present invention relates to the production of 
compounds, in particular adducts of epoxides with dihy- 
droxy compounds. 

The addition reaction between an epoxide and an 
alcohol, in the presence of a catalyst, to produce a hy- 
droxy- and/or an epoxy functional adduct is well known. 

For example, in U.S. patent 4543430, there is de- 
scribed a process for the preparation of addition prod- 
ucts of epoxides and hydroxylated compounds, the 
epoxide being an alkylene oxide or epichlorhydrin, and 
the hydroxylated compound being an alcohol, an 
alkyleneglycol monoalkyl ether, a phenol or water. The 
ratio of the hydroxylated compound to the epoxide rang- 
es from 2 to 20 by weight. The reaction is carried out, in 
a homogeneous liquid phase, at a temperature between 
40° and 250°C in the presence of a catalyst. The cata- 
lyst is a) a tetra-alkylammonium triflate (trifluorometh- 
anesulphonate) or b) a triflic acid (trifluoromethanesul- 
phonic acid) salt of a metal selected from an alkali metal, 
a metal of Group II of the Periodic System of Elements, 
aluminium, cobalt, nickel, zirconium and tin. The amount 
of catalyst used is such that the catalyst concentration 
in the reaction mixture ranges from 1 to 100 ppm by 
weight. It is stated at column 1, lines 15 to 17 of U.S. 
4543430 that the product preferably being sought is 
generally an addition product comprising a single unit 
derived from epoxide, per molecule. Such products will 
be of low molecular weight. 

In EP 1 39042, there is disclosed the reaction of poly 
(active hydrogen) organic compounds with a polyepox- 
ide containing two or more epoxy groups, to effect sub- 
stantially complete reaction of the epoxy groups of the 
polyepoxide and give a low viscosity adduct. The reac- 
tion is performed in the presence of a sulphonic acid cat- 
alyst, such as a triflate, especially an optionally substi- 
tuted ammonium triflate. There is no suggestion in EP 
1 39042, that the products so obtained, after deactivat- 
ing the sulphonic acid catalyst, could be advanced with 
an aromatic diol or phenol. 

It is also known that in order to convert low molec- 
ular weight epoxy materials of high epoxide content, into 
higher molecular weight material of reduced epoxide 
content, such low molecular weight materials may be 
advanced by reaction with polyhydric compounds, in the 
presence of a catalyst. Catalysts which have been con- 
ventionally used in such advancement reactions are te- 
tramethylammonium salts of inorganic acids, especially 
tetramethylammonium chloride. 

These known advancement catalysts have the dis- 
advantage that they need to be used in relatively large 
amounts, typically 0.4% by weight based on the epoxy 
reactant, and the advancement reaction speed is rela- 
tively slow, leading to reaction times of 24 hours or more. 

Surprisingly, we have now found that by utilizing 
certain triflate salts, as catalysts in the advancement re- 
action of diepoxides with alcohols, very low amounts of 



the triflate catalyst produces, within very short reaction 
times, materials having increased molecular weights 
which are epoxy-terminated products, and which can be 
advanced with an aromatic hydroxy compound, after de- 

5 activating the triflate catalyst. 

Accordingly, the present invention provides a proc- 
ess for the production of materials having an increased 
molecular weight, relative to the diepoxide starting ma- 
terial, the materials being either a hydroxy-terminated 

10 or epoxy-terminated material which process comprises: 

a) reacting a diepoxide with a dihydroxy compound 
of formula I 

Q(OH) 2 I 

where Q is a divalent aliphatic, cycloaliphatic or ar- 
aliphatic residue, in the presence, as catalyst, of a 
triflate salt of a metal of Group HA, MB, MIA, 1MB or 
VINA of the Periodic Table of Elements (according 
to the IUPAC 1970 convention), to give an epoxy - 
terminated material; 

b) de-activating the triflate salt catalyst; and 

c) optionally reacting the material produced in step 
b), with an aromatic diol to give a hydroxy - termi- 
nated or epoxy - terminated material. 

Preferably, the Group 1 1 A metal triflate catalyst is 
magnesium triflate; the Group MB metal triflate catalyst 
is preferably zinc or cadmium triflate; the Group 1 1 1 A met- 
al triflate catalyst is preferably lanthanum triflate; the 
Group IIIB metal triflate catalyst is preferably aluminium 
triflate; and the Group VINA metal triflate catalyst is pref- 
erably cobalt triflate. 

The amount of the metal triflate catalyst used in the 
process of the present invention preferably ranges from 
10 to 1000 ppm, especially from 20 to 200 ppm, based 
on the total weight of the reaction mixture. 

It is generally convenient to employ the metal triflate 
catalyst in the form of a solution in an organic solvent. 
Examples of suitable solvents include aromatic hydro- 
carbon solvents; cycloaliphatic polar solvents such as 
cycloaliphatic ketones e.g. cyclohexanone; polar 
aliphatic solvents, such as alkoxyalkanols, especially 
2-methoxyethanol; as well as the diol starting material. 

The dihydroxy compound reactant used according 
to the process of the present invention may be a primary, 
secondary or tertiary diol. 

When Q in formula I is an aliphatic residue, it may 
be a straight or branched chain C 2 -C 1 2 alkylene residue. 
Cycloaliphatic residues Q are preferably C 5 -C 8 cy- 
cloalkylene residues in which the cycloalkylene ring may 
be substituted by substituents such as C r C 4 alkyl 
groups, or several cycloalkylene residues may be bond- 
ed together via a bridge member, e.g. a methylene 
bridge. Araliphatic residues are preferably optionally 
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ring-substituted benzyl residues or naphthyl methylene 
residues. Each of the residues Q may be substituted or 
interrupted provided that the substituent groups or inter- 
rupting atoms do not de-activate the metal triflate cata- 
lyst, or undergo competing reactions with the liquid 
epoxide. Examples of suitable substituent groups are 
ester groups as contained in polycaprolactones and un- 
saturated groups as contained in hydroxy I -terminated 
polybutadienes or polybutadiene copolymers. 

Specific examples of preferred aliphatic dihydroxy 
compounds reactants of formula I include ethylene gly- 
col, diethylene glycol, triethylene glycol and higher poly- 
oxyethylene glycols; propane-1, 2-diol; propane-1,3-diol 
and higher polyoxypropylene glycols; butane-1 ,4-diol 
and higher polyoxytetramethylene glycols; neopentyl 
glycol; pentane-1, 5-diol; hexane-1, 6-diol; octane-1, 
8-diol; and poly(caprolactone). 

Specific examples of preferred cycloaliphatic diols 
are, e.g. quinitol, resorcitol, bis (4-hydroxycyclohexyl) 
methane, 2,2-bis(4-hydroxycyclohexyl) propane, cy- 
clohexane dimethanol 1 ,1 -bis(hydroxymethyl)cyclohex- 
3-ene, and 4,9-bis(hydroxymethyl)tricycIo[5,2, 1 ,0 2 ' 6 ] 
decane. 

Araliphatic diol reactants which may be mentioned 
are 1 ,4-benzenedimethanol and 4,4 1 -bis(hydroxyme- 
thyl)biphenyl. 

Suitable diepoxides which may be employed as re- 
actants in the process of the present invention include 
those containing at least two terminal groups of formula 

— CH 2 — CH — CH 2 

directly attached to an atom or atoms of oxygen, nitro- 
gen, or sulphur. 

As examples of such resins may be mentioned dig- 
lycidyl esters obtainable by reaction of a compound, 
containing twocarboxylic acid groups per molecule, with 
epichlorohydrin or glycerol dichlorohydrin in the pres- 
ence of an alkali. Such diglycidyl esters may be derived 
from aliphatic dicarboxylic acids, e.g. succinic acid, gl- 
utaric acid, adipic acid, pimelic acid, suberic acid, azela- 
ic acid, sebacic acid, and dimerised linoleic acid; from 
cycloaliphatic dicarboxylic acids such as tetrahydroph- 
thalic acid, 4-methyltetrahydrophthalic acid, hexahy- 
drophthalic acid, and 4-methylhexahydrophthalic acid; 
and from aromatic dicarboxylic acids, such as phthalic 
acid, isophthalic acid, and terephthalic acid. 

Further examples are diglycidyl ethers obtainable 
by reaction of a compound containing at least tw6 free 
alcoholic hydroxyl and/or phenolic hydroxyl groups per 
molecule with epichlorohydrin or glycerol dichlorohydrin 
under alkaline conditions or, alternatively, in the pres- 
ence of an acid catalyst and subsequent treatment with 
alkali. These ethers may be made from acyclic alcohols 



such as ethylene glycol, diethylene glycol, and higher 
poly (oxyethylene) glycols, propane-1 ,2-diol and poly 
(oxypropylene) glycols, propane-1, 3-diol, butane- 

1 .4- diol, poly(oxytetramethylene)glycols, pentane-1 , 
s 5-diol, hexane-2, 4,6-triol, glycerol, 1,1,1 -trimethy lolpro- 

pane, pentaerythritol, and sorbitol; from cycloaliphatic 
alcohols such as resorcitol, quinitol, bis(4-hydroxycy- 
clohexyl)methane, 2,2-bis(4-hydroxycyclohexyl) pro- 
pane, 1, 1 -bis (hydroxymethyl)-cyclohex-3-ene and 

10 4,9-bis(hydroxymethyl)tricyclo[5,2 l 1 ,0 2 » 6 ]decane; and 
from alcohols having aromatic nuclei, such as N,N-bis 
(2 -hydroxy ethyl) aniline and p,p 1 -bis(2-hydroxyethyl- 
amino)diphenylmethane. Or they may be made from 
mononuclear phenols, such as resorcinol and hydroqui- 

15 none, and from polynuclear phenols, such as bis(4-hy- 
droxyphenyl)methane, 4,4 1 -dihydroxydiphenyl, bis 
(4-hydroxyphenyl) sulphone, 1,1,2,2-tetrakis(4-hydrox- 
yphenyl)-methane, 2,2-bis(4-hydroxyphenyl)propane, 
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane (other- 

20 wise known as tetrabromobisphenol A), and novolaks 
formed from aldehydes such as formaldehyde, acetal- 
dehyde, chloral, and furfuraldehyde, with phenols such 
as phenol itself, and phenol substituted in the ring by 
chlorine atoms or by alkyl groups each containing up to 

25 nine carbon atoms, such as 4-chlorophenol, 2-methyl- 
phenol, and 4-tert-butylphenol. 

Di(N-glycidyl) compounds include, for example, 
those obtained by dehydrochlorination of the reaction 
products of epichlorohydrin with amines containing at 

30 least two amino-hydrogen atoms such as aniline, n- 
butylamine, bis(4-aminophenyl)methane, and bis 
(4-methylaminophenyl)methane; and N,N 1 -diglycidyl 
derivatives of cyclic alkylene ureas, such as ethyleneu- 
rea and 1,3-propyleneurea, and hydantoins such as 

35 5,5-dimethylhydantoin. 

Examples of di(S-glycidyl) compounds are di-S-gly- 
cidyl derivatives of dithiols such as ethane-1,2-dithiol 
and bis(4-mercaptomethylphenyl)ether. 

Diepoxides having the 1, 2-epoxide groups at- 

40 tached to different kinds of hetero atoms may be em- 
ployed, e.g. N-glycidyl-N-(2-glycidyloxypropyl)- 

5.5- dimethylhydantoin, and 2-glycidyloxy-1 , 3-bis 
(5,5-dimethyl-1-glycidylhydantoin-3-yl)propane. 

Diepoxides containing non-terminal epoxide 
45 groups may also be employed, such as vinylcyclohex- 
ene dioxide, limonene dioxide, dicyclopentadiene oxide, 
4-oxatetracyclo (6,2,1,0 2 « 7 ,O 3 ' 5 ) undec-9-yl glycidyl 
ether, the bis (4-oxatetracyclo (6,2,1 .O^O 3 - 5 ) undec- 
9-yl) ether of ethylene glycol, 3,4-epoxycyclohexylme- 
50 thyl-3, 4- epoxycyclohexanecarboxylate and its 6,6 1 - 
dimethyl derivative, the bis(3,4-epoxycyclohexanecar- 
boxylate) of ethylene glycol or 3-(3,4-epoxycyclohexyl)- 
8,9-epoxy-2,4-dioxaspiro(5,5)undecane. 
Also, if desired, a mixture of diepoxides may be used. 
55 Preferred diepoxides are diglycidyl ethers and diglycidyl 
esters. Specific preferred diepoxides are diglycidyl 
ethers of 2,2-bis(4-hydroxyphenyl)propane, of bis(4-hy- 
droxyphenyl)methane or of a novolak formed from for- 



5 



EP0 493 916 B1 



6 



maldehyde and a phenol optionally substituted in the 
ring by one C^-Cq alkyl group, or a phenyl, phenethyl or 
methylphenethyl group, having a 1 ,2-epoxide content of 
more than 1.0 equivalent per kilogram. 

During the course of the advancement reaction of 
step a) of the process of the present invention, second- 
ary alcohol is generated. Towards the end of the ad- 
vancement reaction in step a), the secondary alcohol 
groups so formed predominate and they can play a sig- 
nificant part in the reaction. 

One advantageous aspect of the present process 
is that the triflate salt catalyst used in step a) of the proc- 
ess of the invention can be deactivated, thereby stop- 
ping the advancement reaction at any desired point in 
the advancement reaction. 

The triflate salt catalyst deactivation may be effect- 
ed, e.g. by adding an alkali metal hydroxide, e.g. sodium 
hydroxide, thereby converting the triflate metal salt, 
used and active in step a) of the process of the invention 
into an alkali metal triflate which is inactive as a catalyst 
in step a) of the process of the invention. Alternatively, 
the metal triflate salt catalyst used in step a) of the proc- 
ess of the present invention may be deactivated by add- 
ing a metal complexing agent e.g. 8-hydroxyquinoline. 

In this way, the advancement reaction of step a) of 
the process of the present invention may be stopped 
when the advanced product reaches a target epoxy val- 
ue, and downward drift of the epoxide content can be 
prevented during "holding" or "run-out" periods of the 
epoxy resin manufacture. 

•After conducting step b) of the process of the 
present invention, a further embodiment of the process 
of the present invention comprises advancing, in step c) 
of the process of the present invention, the product ob- 
tained in step b) of the process of the present invention, 
by reaction with an aromatic diol. 

The aromatic diol reactant in step c) of the process 
of the present invention may be a mononuclear aromatic 
diol e.g. resorcinol or hydroquinone or, preferably, a di- 
nuclear aromatic diol e.g. bis(4-hydroxyphenyl)meth- 
ane (bisphenol F), bis(4-hydroxyphenyl) sulphone, 
2,2-bis(4-hydroxyphenyl)propane) (bisphenol A) or 
2,2-bis(3,5-dibromo-4-hydroxyphenyl) propane. 

In step a) of the process of the invention the molar 
ratio of diepoxide to dihydroxy compound is usually with- 
in the range of from 1 .02:1 to 50:1 especially from 1.1: 
1 to 20:1. 

The molar ratio of the product of step b) of the proc- 
ess of the invention, to the aromatic diol reactant is usu- 
ally within the range of from 0.5: 1 to 50: 1 especially from 
0.9:1 to 20:1. The preferred method of performing the 
optional step c) of the process of the present invention 
is by heating the reactants at a temperature within the 
range of from 100 to 200°C, optionally in the presence 
of an inert solvent, and in the presence of a catalyst such 
as ethyltriphenylphosphonium iodide, a quaternary am- 
monium salt, or any other conventional advancement 
reaction catalyst known to those skilled in the art. 



The products of the process of the present invention 
will have a range of different physical characteristics, 
and will be suitable for a range of disparate end uses, 
depending, e.g. on whether 1 ) they have been produced 
5 by a combination of steps a) and b); or by a combination 
of steps a), b) and c); and 2) on the curing system used 
to cure the product of the process of the invention. 

A product of the process of the invention may be 
mixed with a curing agent therefor to give a curable com- 

10 position. The invention further provides novel curable 
compositions comprising 1) a hydroxy-terminated prod- 
uct produced by the process of the present invention in 
which steps a), b) and c) are carried out; and 2) a curing 
• agent for the product 1). The curing agent, component 

15 2), may be e.g., dicyandiamide, carboxylic acid hy- 
drazides, succinimide, cyanoacetamide, 1-cyano-3- 
(C r C 3 alkyl)-guanidines, imidazoles or salts of carbox- 
ylic acids with tertiary amines. The curing agent, com- 
ponent 2), may be one of a great variety of known epoxy 

20 curing agents. Examples of suitable curing agents are 
carboxylic acids or anhydrides such as phthalic anhy- 
dride, tetrahydrophthalic anhydride, methyl tetrahy- 
drophthalic anhydride, 5-methylbicyclo[2,2, 1 ]hept- 
5-ene-2,3-dicarboxylic acid anydride, pyromellitic dian- 

25 hydride, trimellitic anhydride, maleic anhydride and do- 
decenyl succinic anhydride and mixtures thereof; dimer 
or trimer acids derived from unsaturated fatty acids; 
Friedel Crafts metal halides, such as aluminium chlo- 
ride, zinc chloride, boron trifluoride or boron trichloride 

30 as well as complexes thereof with ethers, acid anhy- 
drides, ketones and amines; salts such as zinc fluorob- 
orate, magnesium perchlorate and zinc fluorosilicate; 
aliphatic, aromatic, araliphatic and heterocyclic amino 
compounds, such as, for example, diethylene triamine, 

35 triethylenetetramine, dicyandiamide, melamine, pyrid- 
ine, benzyldimethylamine, N,N-diethyl-1,3-propanedi- 
amine, 4,9-dioxa-1 , 1 2-dodecanediamine, dibutylamine, 
dioctylamine, methylethylamine, pyrrolidine, 2, 2,6-di- 
aminopyridine, 4, 4 1 -diaminodiphenylmethaneand ring- 

40 substituted derivatives thereof, 3,3- and 4,4 1 -diamin : 
odiphenylsulphone, 1,2-, 1,3- and 1,4-phenylenedi- 
amines, 2,4-diaminotoluene and ring alkylated deriva- 
tives thereof, diaminostilbene, 2,4,6-tris(dimethylami- 
nomethyl) phenol and soluble adducts of amines and 

45 poly epoxides and their salts. 

The curing agent, component 2) may also be a 
polyamide containing active amino and/or carboxyl 
groups, especially one containing a plurality of amino 
hydrogen atoms and prepared by reacting a polybasic 

so acid with a polyamine. 

The curing agent, component 2) may further be a 
carboxylic acid hydrazide such as stearic acid dihy- 
drazide, oxalic acid dihydrazide, adipic acid dihy- 
drazide, sebacic acid dihydrazide or isophthalic acid di- 
ss hydrazide; it may also be a 1-cyano-3-alkylguanidine 
such as 1-cyano-3-methyl guanidine, or the 3,3-dime- 
thyl or 3,3-diethyl derivative; an imidazole such as 
2-phenylimidazole, N-methylimidazole or 2-ethyl-4-me- 
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thyl-imidazole; a salt of a hydroxycarboxylic acid such 
as lactic acid or salicylic acid, with a tertiary amine such 
as a Mannich base e.g. 2,4,6-tris(dimethylaminomethyl) 
phenol; cyanoacetamide; or succinimide. 

When the component 1 ) is a high molecular weight 
material containing a high ratio of hydroxyl groups to 
epoxide groups the curing agent, component 2) may be 
also an aminoplast, a phenol formaldehyde resin or a 
blocked polyisocyanate, the aminoplast or phenol-for- 
maldehyde resin having at least 2 groups of formula 

-CH 2 OR 

attached directly to an amidic nitrogen atom or atoms, 
or directly attached to carbon atoms of a phenolic ring, 
where R represents a hydrogen atom or an alkyl group 
from 1 to 6 carbon atoms. Methylolated compounds 
which can be used include urea-formaldehyde conden- 
sates, aminotriazine-formaldehyde condensates, espe- 
cially melamine-formaldehyde and benzoguanamine- 
formaldehyde condensates, and phenol-formaldehyde 
condensates. These may be etherified if desired, e.g. 
the n-butyl ethers may be used. Examples of suitable 
blocked polyisocyanates include di-and polyisocy- 
anates blocked with caprolactam, an oxime (e.g. cy- 
clohexanone oxime), a monohydric phenol (e.g. phenol 
itself, p-cresol, p-t-butylphenol), or a monohydric 
aliphatic, cycloaliphatic or araliphatic alcohol (e.g. meth- 
anol, n-butanol, decanol, 1-phenylethanol, 2-ethoxyeth- 
anol and 2-n-butoxyethanol). Suitable isocyanates in- 
clude aromatic diisocyanates such as 1,3-phenylene-, 
1 ,4-naphthylene-, 2,4- and 2,6-tolylene, and 4,4-meth- 
ylenebis (phenylene) diisocyanate, and also their pre- 
polymers with glycols (e.g. ethylene and propylene gly- 
col), glycerol, trimethylolpropane, pentaerythritol, dieth- 
yleneglycol, and adducts of alkylene oxides with these 
aliphatic di-acid polyhydric alcohols. 

The amount of the curing agent component may be 
varied over a considerable range depending on the cur- 
ing agent used as is understood by those skilled in the 
art. Thus, for example, the amine curing agents may be 
suitably employed in the range of from 1 to 50 parts by 
weight, per 100 parts by weight of component 1), but 
where complexes of Friedel Crafts metal halides are 
used, amounts within the range 0.5 to 10 parts by 
weight, per 1 00 parts by weight of component 1 ) will suf- 
fice. Where anhydride curing agents are used, it may be 
desirable to add a small amount (0.1 to 5 parts by 
weight, per 100 parts by weight of component 1)) of an 
accelerator such as a tertiary amine, stannous octoate, 
sulphide or phosphine, to hasten the cure. 

The curable compositions may also contain suitable 
plasticisers such as dibutyl phthalate and dioctyl phtha- 
late, inert diluents such as tars and bitumen and so- 
called reactive diluents, especially monoepoxides such 
as n-butyl glycidyl ether, iso-octyl glycidyl ether, phenyl 
glycidyl ether, cresyl glycidyl ethers, glycidyl esters of 



mixed tertiary, aliphatic, monocarboxylic acids, glycidyl 
acrylate, and glycidyl methacrylate. They may also con- 
tain additives such as fillers, reinforcing materials, pol- 
ymeric toughening agents such as polyether sulphones, 

5 phenoxy resins, and butadiene-acrylonitrile rubbers, 
colouring matter, flow control agents, flame inhibitors, 
and mould lubricants. Suitable extenders, fillers and re- 
inforcing materials are, for example, glass fibres, carbon 
fibres, fibres of aromatic polyamides, ballotini, mica, 

10 quartz flour, calcium carbonate, cellulose, kaolin, wol- 
lastonite, colloidal silica having a large specific surface 
area, powdered polyvinyl chloride), and powdered 
polyolefin hydrocarbons such as polyethylene and poly- 
propylene. 

is The curable compositions of this invention may be 
used as adhesives, primers for adhesives, laminating 
resins, impregnating and casting resins, moulding com- 
positions, putties and sealing compounds, potting and 
insulating compounds for the electrical industry, but es- 

20 pecially as coatings. 

The compositions of this invention may be cured by 
heating them at a suitable temperature, viz. 0 to 250°C, 
which will vary depending on the nature of the curing 
agent. The length of the curing process will also vary 

25 according to the nature of the curing agent but will range 
from 5 minutes to 7 days. 

Those products produced by a combination of steps 
a) and b) of the process of the invention have an epoxy 
content which does not significantly decrease with time, 

30 even at elevated temperatures. Such products may find 
particular use as flexibilized resins or toughened resins 
for use in adhesive applications. 

In the field of adhesives, it is known to use, as tough- 
ening agents, butadiene rubbers or butadiene-acryloni- 

35 trile rubbers. Often, such rubber toughening agents are 
pre-adducted with the basicepoxy resin. When the prod- 
ucts of the present process, especially the products of 
steps a) and b) of the process of the present invention, 
are used in combination with conventional rubber tough- 

40 ening agents, the resulting resin system has a high hy- 
drolytic stability and is particularly useful in the formula- 
tion of adhesive compositions for outdoor use. Similarly 
the products of the present invention are useful in the 
formulation of laminates and castings providing, in an 

45 economic and controlled manner, laminates and cast- 
ings having a modified toughness characteristic. 

Those products produced by the combination of 
steps a), b) and c) of the process of the present invention 
contain a combination of hard and soft segments. Such 

so differently segmented products advantageously find 
use in the formulation of surface coatings, which provide 
films having improved impact resistance, e.g. flexibi- 
lized tough can coatings or deep draw coatings. 

The following Examples further illustrate the 

55 present invention. 
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Example 1 

A sample of bisphenol A diglycidyl ether of epoxide 
content 5.44 mol/kg (400g) is heated to 160°C and a 
25% solution of zinc triflate in 2-methoxyethanol (0.1 g) 5 
added. Butane- 1 , 4-diol (56.88g) is then added and the 
temperature maintained at 160°C for 4 hours, after 
which time the epoxy content of the reaction is 2.0 mol/ 
Kg. AO.IM solution of potassium hydroxide in methanol 
(1 .5g) is then added. After a further 4 hours at 160°C, 10 
the epoxy value of the mixture has only dropped to 1 .98 
mol/kg. 

Example 2 

75 

Example 1 is repeated using a 0.1 M solution of so- 
dium hydroxide in methanol instead of potassium hy- 
droxide in methanol. 4 hours after the addition of this 
solution, the epoxy content of the reaction mixture has 
fallen to 1.95 mol/kg. 20 

Example 3 

Example 1 is repeated using a 0.1 M solution of lith- 
ium hydroxide in methanol instead of potassium hydrox- 25 
ide in methanol. 4 hours after the addition of this solu- 
tion, the epoxy content of the reaction mixture has fallen 
to 1.90 mol/kg. 

Example 4 30 

A sample of bisphenol A diglycidyl ether of epoxide 
content 5.44 mol/kg (400g) is mixed with cyclohexanone 
(114.22g) and heated to 160°C and a 25% solution of 
zinc triflate in 2-methoxyethanol (0.07g) added. Butane- 35 
1, 4-diol (56.88g) is then added and the temperature 
raised to 1 80°C. After 5 hours, the epoxy content of the 
reaction is 1 .57 mol/kg. A 10% solution of 8-hydroxyqui- 
noline in methanol (1.5g) is then added. After a further 
4 hours at 180°C, the epoxy value of the mixture has *o 
only dropped to 1 .50 mol/kg. 

Example 5 

Example 1 is repeated using 76.58g butane-1 , 4-di- 45 
ol. After 5 hours, the epoxy content of the reaction mix- 
ture is 1 .1 3 mol/kg and 4 hours after the addition of the 
potassium hydroxide solution, this has dropped to 1 .08 
mol/kg. 

so 

Example 6 

Example 1 is repeated using a 25% solution of lan- 
thanum triflate in 2-methoxyethanol (0.1 5g) instead of 
zinc triflate. 4 hours after the addition of the potassium ss 
hydroxide solution, the epoxide content of the reaction 
has only dropped from 1 .94 mol/kg to 1 .92 mol/kg. 



Example 7 

Example 1 is repeated using a hexane-1, 6-diol 
(72.71 g) instead of butane-1 ,4-diol and a 25% solution 
of lanthanum triflate in 2-methoxyethanol (0.225g) in- 
stead of zinc triflate. 4 hours after the addition of 2.25g 
of the potassium, hydroxide solution, the epoxide con- 
tent of the reaction has only dropped from 2.03 mol/kg 
to 1.96 mol/kg. 

Example 8 

Example 1 is repeated using a 2,2-dimethyl- 
1 ,3-propanediol (64.09g) instead of butane-1 , 4-diol and 
a 25% solution of lanthanum triflate in 2-methoxyethanol 
(0.1 5g) instead of zinc triflate. 4 hours after the addition 
of 1 .5g of the potassium hydroxide solution, the epoxide 
content of the reaction has only dropped from 2.1 4 mol/ 
kg to 1.93 mol/kg. 

Example 9 

A sample of 7-oxabicyclo[4,1,0]heptane-3-carbox- 
ylic acid (7-oxabicyclo[4,1,0]hept-3-yl)methyl ester of 
epoxide content 7.15 mol/kg (200g) is heated to 160°C 
and butane-1, 4-diol (42.57g) and 25% solution of lan- 
thanum triflate in 2-methoxyethanol (0.25g) added. The 
temperature is maintained at 1 60°C for 4.25 hours after 
which time the epoxide content of the reaction is 2.46 
mol/kg. A O.IM solution of potassium hydroxide in 
methanol (2.5g) is then added and after a further 4 hours 
at 160°C the epoxide content of the reaction has only 
fallen to 2.36 mol/kg. 

Example 10 

A sample of bisphenol A diglycidyl ether of epoxide 
content 5.44 mol/kg (500g) and cyclohexanone (1 34.4g) 
are heated to 160°C and 25% zinc triflate in 2-methox- 
yethanol (0.1 5g) added. Butane-1, 4-diol (37.75g) is 
then added and after 1.5 hours reaction the epoxide 
content of the mixture is 2.71 mol/kg. A solution of 0.1 M 
potassium hydroxide in methanol (2.25g) is then added, 
followed by ethyltriphenylphosphonium bromide 
(0.25g), and bisphenol A (119.37g). The temperature is 
raised to 180°C and, after 5 hours reaction time, the 
epoxide content of the reaction mixture has fallen to the 
target value of 0.95 mol/kg. 

Example 11 

Example 7 is repeated, except that after the addition 
of the potassium hydroxide solution, a 25% solution of 
ethyltriphenylphosphonium iodide in methanol (0.2g) is 
added together with bisphenol A (48.43g). After afurther 
4 hours at 1 60°C the epoxide content of the reaction has 
fallen to the target value of 0.95 mol/kg. 
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Example 12 

Example 6 is repeated, except that after the addition 
of the potassium hydroxide solution, a 25% solution of 
ethyltriphenylphosphonium iodide in methanol (0.2g) is 
added together with resorcinol (23.84g). After a further 
3 hours at 160°C the epoxide content of the reaction has 
fallen to the target value of 0.94 mol/kg. 

Example 1 3 

Example 1 is repeated using a 25% solution of lan- 
thanum triflate in 2-methoxyethanol (0.1 5g) instead of 
zinc triflate. After the addition of the potassium hydrox- 
ide solution, a 25% solution of ethyltriphenylphosphoni- 
um iodide in methanol (0.2g) is added together with bi- 
sphenol A (46.81 g). After a further 4 hours at 1 60°C, the 
epoxide content of the reaction has fallen to the target 
value of 1.00 mol/kg. 

EXAMPLE 14 

A sample of bisphenol A diglycidyl ether of epoxide 
content 5.44 mol/kg (400g) is heated to 160°C and a 
25% solution of zinc triflate in 2-methoxyethanol (0. 1 2g) 
added. Butane-1 ,4-diol (21.99g) is then added and the 
temperature maintained at 1 60°C for 3hrs 40mins, after 
which time the epoxy value is 3.0 mol/kg. A 0.1 M solu- 
tion of potassium hydroxide in methanol (1.5g) is then 
added, followed by ethyltriphenylphosphonium iodide 
(0.2g) and bisphenol A (165.83g). After a further 4hrs 
20mins at 160°C the epoxide content of the reaction 
mixture has fallen to 0.4mol/kg. 

EXAMPLE 15 

A formulation is made up from the product from Ex- 
ample 1 4 (80 parts) dissolved in a mixture of 1 -methoxy- 
2-propanol (130.6 parts), 1 -methoxy-2-propyl acetate 
(37.4 parts) and 4-methylpentan-2-one (18.7 parts); 
Cymel 1141 (a commercial grade of etherified methyl- 
olated melamine resin) (20 parts) dissolved in butan- 
1-ol (20 parts); orthophosphoric acid (2.5 parts) dis- 
solved in butan-1-ol (22.5 parts); 1 -methoxy-2-propanol 
(25.2 parts), 1-methoxy-2-propyl acetate (7.2 parts) and 
4-methylpentan-2-one (3.6 parts). This formulation was 
applied as a 5ji coating to both degreased steel and alu- 
minium and cured for 20 mins at 205° C. The reverse 
impact strength of the coating on steel was >200 cm. 
kp.; the acetone rub resistance on aluminium (20 rubs) 
was rating 1-2; the cross hatch adhesion on aluminium 
(DIN 53151) was rating 0; the acetic acid resistance on 
aluminium (6 hrs at 98°C in 2% acetic acid) was rating 
1-2; and the wedge bend test (using Erichsen equip- 
ment model 471 ) yielded a value of 4.4cm on aluminium. 



EXAMPLE 16 

A sample of solid bisphenol A epoxy resin of epox- 
ide content 0.6 mol/kg. (400g) and cyclohexanone 
s (1 00.89g) was heated to 1 60°C and 25% zinc triflate in 
methoxyethanol (0.3g) and butane-1 ,4-diol (3.56g) add- 
ed. The reaction was maintained at 160°C for 3hrs, after 
which time the epoxide content of the reaction was 0.24 
mol/kg. A0.1M solution of potassium hydroxide in meth- 
10 anol (2.5g) was added and the mixture run out into alu- 
minium trays. 

EXAMPLE 17 

15 a formulation is made up from the product from Ex- 
ample 16 (80 parts) dissolved in a mixture of 1 -methoxy- 
2-propanol (130.6 parts), 1 -methoxy-2-propyl acetate 
(37.4 parts) and 4-methylpentan-2-one (18.7 parts); 
Cymel 1141 (a commercial grade of etherified methyl- 

20 olated melamine resin) (20 parts) dissolved in butan- 
1-ol (20 parts); orthophosphoric acid (2.5 parts) dis- 
solved in butan-1 -ol (22.5 parts); 1 -methoxy-2-propanol 
(25.2 parts), 1 -methoxy-2-propyl acetate (7.2 parts) and 
4-methylpentan-2-one (3.6 parts). This formulation was 

25 applied as a 5\± coating to both degreased steel and alu- 
minium and cured for 20 mins at 205°C. The reverse 
impact strength of the coating on steel was >200 cm. 
kp.; the acetone rub resistance on aluminium (20 rubs) 
was rating 0; the cross hatch adhesion on aluminium 

30 (DIN 53151 ) was rating 0; the acetic acid resistance on 
aluminium (6 hrs at 98°: in 2% acetic acid) was rating 0; 
and the wedge bend test (using Erichsen equipment 
model 471) yielded a value of 6cm on aluminium. 



1. A process for the production of a material having an 
increased molecular weight relative to the diepox- 
ide starting material the material being either a hy- 
droxy-terminated or an epoxy-terminated material 
comprising: 

a) reacting a diepoxide with a dihydroxy com- 
pound of formula I 

Q(OH) 2 I 

where Q is a divalent aliphatic, cycloaliphatic or 
araliphatic residue, in the presence, as cata- 
lyst, of a triflate salt of a metal of Group 1 1 A, I IB, 
IMA, 1MB, or VINA of the Periodic Table of Ele- 
ments (according to the 1UPAC 1970 conven- 
tion), to give an epoxy - terminated material; 

b) de-activating the triflate salt catalyst; and 

c) optionally reacting the material produced in 



35 

Claims 



40 



45 



50 



10 



7 



13 



EP0 493 916B1 



14 



step b), with an aromatic diol to give a hydroxy 
- terminated or epoxy - terminated material. 

2. A process according to claim 1 in which the Group 
IIA metal triflate catalyst is magnesium triflate; the 
Group IIB metal catalyst is a zinc or cadmium tri- 
flate; the Group II I A metal catalyst is lanthanum tri- 
flate; the Group NIB metal catalyst is aluminium tri- 
flate; and the Group VIIIA metal catalyst is cobalt 
triflate. 

3. A process according to claim 1 or 2, in which the 
amount of metal triflate catalyst used ranges from 
10 to 1000 ppm, based on the total weight of the 
reaction mixture. 

4. A process according to claim 3 in which the amount 
of the metal triflate catalyst used ranges from 20 to 
200 ppm, based on the total weight of the reaction 
mixture. 

5. A process according to any of claims 1 to 4, in which 
the metal triflate catalyst is employed in the form of 
a solution in an organic solvent. 

6. A process according to claim 5, in which the organic 
solvent is an aromatic hydrocarbon solvent; a cy- 
cloaliphatic polar solvent; or a polar aliphatic sol- 
vent. 

7. A process according to any of claims 1 to 6, in which 
Q is a straight or branched chain C 2 -C 12 alkylene 
residue; an optionally substituted C 5 -C 8 cy- 
clpalkylene residue which may comprise several 
cycloalkylene residues bonded together via a 
bridge member or an optionally ring-substituted 
benzyl residue. 

8. A process according to any of the preceding claims, 
in which the diepoxide reactant is a diglycidyl ether 
or diglycidylester. 

9. A process according to claim 8, in which the diepox- 
ide is a diglycidyl ether of 2,2-bis(4-hydroxyphenyl) 
propane, of bis(4-hydroxyphenyl) methane or of a 
1 novolak formed from formaldehyde and phenol op- 
tionally subsituted in the ring by one C r C 9 alkyl 
group, or a phenyl, phenethyl or methylphenethyl 
group, having a 1 ,2-epoxide content of more than 
1.0 equivalent per kilogram. 

1 0. A process according to any of the preceding claims, 
in which the triflate salt catalyst deactivation, in step 
b), is effected by adding an alkali metal hydroxide, 
or by adding a metal complexing agent. 

1 1 . A process according to any of the preceding claims, 
in which the aromatic diol reactant is bis(4-hydrox- 



yphenyl) methane (bisphenol F), bis(4-hydroxyphe- 
nyl) sulphone, 2,2-bis(4-hydroxyphenyl)propane 
(bisphenol A) or 2,2-bis(3,5-dibromo-4-hydroxy- 
phenyl) propane. 

5 

1 2. A process according to any of the preceding claims, 
in which the molar ratio of the product of step b), to 
the aromatic diol reactant, in step c) of the process, 
ranges from 0.5: 1 to 50: 1 . 

10 

1 3. A process according to any of the preceding claims, 
in which step c) of the process is performed by heat- 
ing the reactants at a temperature within the range 
of from 100° to 200°C, in the presence of a base 

*5 and optionally, in the presence of an inert solvent. 

14. A curable composition comprising 1) a hydroxy-ter- 
minated product produced by a process claimed in 
any of the preceding claims in which steps a), b) 

20 and c) are carried out and 2) a curing agent for the 
product 1). 

15. A composition according to claim 14 in which the 
curing agent is an aminoplast; a phenol formalde- 

25 hyde resin; or a blocked polyisocyanate. 



Patentanspruche 

30 1. Verfahren zur Herstellung eines Materials mit er- 
hohtem Molekulargewicht, bezogen auf das Diep- 
oxid-Ausgangsmaterial, wobei das Material entwe- 
der ein Hydroxy-endstandiges Oder ein Epoxy-end- 
standiges Material ist, umfassend 

35 

a) die Umsetzung eines Diepoxids mit einer Di- 
hydroxyverbindung der Formel I 

40 Q ( 0H >2 1 

worin Q ein zweiwertiger aliphatischer, cyclo- 
aliphatischer oder araliphatischer Rest ist, in 
Gegenwart,als Katalysator, eines Triflatsalzes 
45 eines Metalls der Gruppe IIA, IIB, IMA, IIIBoder 

VIIIA des Periodensystems (entsprechend der 
IUPAC 1970 Konvention), urn ein Epoxy-end- 
standiges Material zu ergeben; 

b) die Deaktivierung des Triflatsalz-Katalysa- 
50 tors; und 

c) gegebenenfalls die Umsetzung des in Stufe 
b) gebildeten Materials mit einem aromati- 
schen Diol zur Erzielung eines Hydroxy-end- 
standigen oder Epoxy-endstandiges Materials. 

55 

2. Verfahren gemaG Anspruch 1, worin der Gruppe 
IIA-Metalltriflat-Katalysator Magnesiumtriflat ist; 
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der Gruppe IIB-Metallkatalysator ein Zink- oder 
Cadmiumtriflat ist; der Gruppe IIIA-Metallkatalysa- 
tor Lanthantriflat ist; der Gruppe II IB-Metal I kataly- 
sator Aluminiumtriflat ist; und der Gruppe VIIIA-Me- 
tallkatalysator Kobalttriflat ist. s 

3. Verfahren gemaB Anspruch 1 oder 2, worin die 
Menge des verwendeten Metalltriflat-Katalysators 
im Bereich von 10 bis 1000 ppm, bezogen auf das 
Gesamtgewicht der Reaktionsmischung, iiegt. 10 

4. Verfahren gemaB Anspruch 3, worin die Menge des 
verwendeten Metalltriflat-Katalysators im Bereich 
von 20 bis 200 ppm, bezogen auf das Gesamtge- 
wicht der Reaktionsmischung, Iiegt. *5 

5. Verfahren gemaB einem der Anspruche 1 bis 4, 
worin der Metalltriflat-Katalysator in Form einer L6- 
sung in einem organischen Losungsmittel verwen- 

det wird. 20 

6. Verfahren gemaB Anspruch 5, worin das organi- 
sche Losungsmittel ein aromatisches Kohlenwas- 
serstoff-Ldsungsmittel; ein cycloaliphatisches, po- 
lares Losungsmittel; oder ein polares, aliphatisches 25 
Losungsmittel ist. 

7. Verfahren gemaB einem der Anspruche 1 bis 6, 
worin Q ein geradkettiger oder verzweigter C 2 . 12 - 
Alkylenrest; ein gegebenenfalls substituierter C 5 . 8 - 30 
Cycloalkylenrest, der verschiedene miteinander 
uber ein Bruckenglied gebundene Cycloalkylenre- 

ste umfassen kann, oder ein gegebenenfalls ring- 
substituierter Benzylrest ist. 

35 

8. Verfahren gemaB einem der vorhergehenden An- 
spruche, worin der Diepoxid-Reaktant ein Diglyci- 
dyletheroder Diglycidylester ist. 

9. Verfahren gemaB Anspruch 8, worin das Diepoxid 40 
ein Diglycidylether von 2,2-Bis-(4-hydroxyphenyl)- 
propan, von Bis-(4-hydroxyphenyl)-methan oder 
von einem Novolak, gebildet aus Formaldehyd und 
Phenol, gegebenenfalls substituiert an dem Ring 
durch eine Cj.g-Alkylgruppe, oder eine Phenyl-, 4$ 
Phenethyl- oder Methylphenethylgruppe, mit einem 

1 ,2-Epoxidgehalt von mehr als 1 ,0 Aquivalent je Ki- 
logramm ist. 

10. Verfahren gemaB einem der vorhergehenden An- so 
spruche, worin die Triflatsalz-Katalysatordeaktivie- 
rung in Stufe b) durch Zusatz eines Alkalimetallhy- 
droxids oder durch Zusatz eines Metallkomplexie- 
rungsmittels bewirkt wird. 

55 

11. Verfahren gemaB einem der vorhergehenden An- 
spruche, worin der aromatische Diol-Reaktant Bis- 
(4-hydroxyphenyl)-methan (Bisphenol F), Bis- 



(4-hydroxyphenyl)-sulfon, 2,2-Bis(4-hydroxyphe- 
nyl)-propan (Bisphenol A) oder 2,2-Bis-(3,5-di- 
brom-4-hydroxyphenyl)-propan ist. 

12. Verfahren gemaB einem der vorhergehenden An- 
spruche, worin das Molverhaltnis des Produkts der 
Stufe b) zu dem aromatischen Diol-Reaktanten in 
Stufe c) des Verfahrens im Bereich von 0,5:1 bis 50: 
1 Iiegt. 

13. Verfahren gemaB einem der vorhergehenden An- 
spruche, worin Stufe c) des Verfahrens durchge- 
fuhrt wird durch Erhitzen der Reaktanten bei einer 
Temperatur im Bereich von 100 bis 200°C in Anwe- 
senheit einer Base und gegebenenfalls in Gegen- 
wart eines inerten Losungsmittels. 

14. Hartbare Zusammensetzung, umfassend 1 ) ein Hy- 
droxyendstandiges Produkt, gebildet durch ein Ver- 
fahren, wie in einem der vorhergehenden Anspru- 
che beansprucht, worin die Stufen a), b) und c) 
durchgefuhrt werden, und 2) ein Hartungsmittel fur 
das Produkt 1). 

15. Zusammensetzung gemaB Anspruch 14, worin das 
Hartungsmittel ein Aminoplast; ein Phenol-Formal- 
dehyd-Harz; oder ein blockiertes Polyisocyanat ist. 



Revendications 

1 . Proc6d6 de production de produits ayant une mas- 
se molSculaire accrue par rapport au diepoxyde de 
depart, les produits 6tant des produits h terminaison 
hydroxy ou k terminaison epoxy, comprenant les 
etapes selon lesquelles: 

a) on fait reagir un diepoxyde avec un compose 
dihydroxy de formule I 

Q(OH) 2 I 

dans iaquelle Q est un rgsidu divalent altphati- 
que, cycloaliphatique ou araliphatique, en pre- 
sence d'un triflate d'un m6tal du groupe 1 1 A, MB, 
IMA, 1MB ou VIII A du tableau periodique des ele- 
ments (selon la convention de I'UICPA de 1 970) 
comme catalyseur, pour obtenir un produit a 
terminaison e>oxy; 

b) on desactive le catalyseur constitue par le 
triflate; et 

c) on fait 6ventuellement r6agir le produit obte- 
nu dans I'etape b) avec un diol aromatique pour 
obtenir un produit & terminaison hydroxy ou k 
terminaison epoxy. 
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Proc6de selon la revendication 1 , dans lequel le ca- 
talyseur constituS par un triflate de metal du groupe 
IIA est le triflate de magnesium; le catalyseur cons- 
titue par un triflate de m6tal du groupe MB est le tri- 
flate de zinc ou de cadmium; le catalyseur constitu6 
par un triflate de metal du groupe II I A est le triflate 
de lanthane; le catalyseur constituS par un triflate 
de metal du groupe IIIB est le triflate d'aluminium; 
et le catalyseur constituS par un triflate de m6tal du 
groupe VI IIA est le triflate de cobalt. 

Procede selon la revendication 1 ou 2, dans lequel 
la quantite de catalyseur constitue par un triflate 
metallique utilisee est comprise entre 10 et 1000 
ppm par rapport a la masse totale du melange reac- 
tionnel. 

Precede selon la revendication 3, dans lequel la 
quantite de catalyseur constitue par le triflate me- 
tallique utilisee est comprise entre 20 et 200 ppm 
par rapport a la masse totale du melange r6action- 
nel. 



fectue par addition d'un hydroxyde de metal alcalin 
ou par addition d'un agent complexant les mStaux. 

11. Proc6de selon I'unequelconquedes revendications 
precedentes, dans lequel le r6actif diol aromatique 
est le bis(4-hydroxyph6nyl)m6thane (bisph§nol F), 
la bis(4-hydroxyph6nyl)sulfone, le 2,2-bis(4-hy- 
droxyphenyl)propane (bisphenol A) ou le 2,2-bis 
(3,5-dibromo-4-hydroxyph6nyl)propane. 



10 



1 2. Proc6de selon Tune queiconque des revendications 
precedentes, dans lequel, dans I'etape c) du proce- 
de, le rapport molaire du produit de I'etape b) au 
reactif diol aromatique est compris entre 0,5: 1 et 50: 

15 1. 

1 3. Proc6d6 selon Tune queiconque des revendications 
precedentes, dans lequel i'etape c) du precede s'ef- 
fectue par chauffage des reactifs a une temperature 

20 comprise entre 100 et 200°C, en presence d'une 
base et eventuellement en presence d'un solvant 
inerte. 



7. 



Procede selon Tune queiconque des revendications 
1 a 4, dans lequel le catalyseur constitue par le tri- 25 
flate metallique est utilise sous forme d'une solution 
dans un solvant organ ique. 

Procede selon la revendication 5, dans lequel le sol- 
vant organ ique est un solvant hydrocarbons aroma- 30 
tique; un solvant polaire cycloaliphatique; ou un sol- 
vant polaire aliphatique. 

Proc6d6 selon Tune queiconque des revendications 
1 a 6, dans lequel Q est un residu alkylene en C 2 - 35 
C l2 lineaire ou ramifie; un residu cycloalkylene en 
C 5 -C 8 eventuellement substitue qui peut compren- 
dre plusieurs residus cycloalkylene relies entre eux 
par un pont ou un r6sidu benzyle 6ventuellement 
substituS sur le noyau. 40 



14. Composition durcissable comprenant 1) un produit 
a terminaison hydroxy obtenu par un procede selon 
Tune queiconque des revendications precedentes 
dans lequel on effectue les etapes a), b) et c), et 2) 
un agent durcissant pour le produit 1 ). 

15. Composition selon la revendication 14, dans laquel- 
le I'agent durcissant est un aminoplaste; une resine 
ph6nol-formald6hyde; ou un polyisocyanate blo- 
que. 



8. Procede* selon Tune queiconque des revendications 
pr6c6dentes, dans lequel le reactif diSpoxyde est 
un ether diglycidylique ou un ester diglycidylique. 

9. Procede selon la revendication 8, dans lequel le 
diepoxyde est un §ther diglycidylique du 2,2-bis 
(4-hydroxyph6nyl)propane, du bis(4-hydroxyph6- 
nyl)methane ou d'une novolaque formed a partir de 
formaldehyde et d'un ph6nol Eventuellement subs- 
titu6 sur le noyau par un groupe alkyle en C r C 9 , ou 
un groupe phenyle, ph6nethyle ou methylpheYiethy- 
ie, ayant une teneur en 1 ,2-epoxyde de plus de 1 ,0 
equivalent par kilogramme. 

1 0. Procede selon I'une queiconque des revendications 
precedentes, dans lequel la deactivation du cata- 
lyseur constitue par le triflate, dans I'etape b), s'ef- 
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(§) Production of compounds. 



(§) A process for the production of a material having an increased molecular weight relative to the 
diepoxide starting material the material being either a hydroxy-teimlnated or an epoxy-termlnated 
material comprising 

a l. re ? < * ng a die P oxlde ^ a dihydraxy compound, in the presence, as catalyst, of a trifiate salt of a 
metal of Group IIA, IIB. MA, IIIB, or VIIIA of the Periodic Table of Elements (according to the IUPAC 1970 
convention) ; 

b) de-activating the trifiate salt catalyst ; and 

c) optionally advancing the material produced in step b), with an aromatic did or phenol. 
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The present invention relates to the production of compounds, in particular adducts of epoxides with dihyd- 
roxy compounds. 

The addition reaction between an epoxide and an alcohol, in the presence of a catalyst to produce a hyd- 
roxy- and/or an epoxy functional adduct is wefl known. 
5 For example, in U.S. patent 4543430, there is described a process for the preparation of addition products 

of epoxides and hydroxy! ated compounds, the epoxide being an alkylene oxide or epichlorhydrin, and the hyd- 
roxytated compound being an alcohol, an alkyfeneglycol monoatkyl ether, a phenol or water. The ratio of the 
hydroxylated compound to the epoxide ranges from 2 to 20 by weight The reaction is carried out in a homo- 
geneous liquid phase, at a temperature between 40° and 250°C in the presence of a catalyst The catalyst is 
10 a) a tetra-alkyiammonium Inflate (trifluoromethanesulphonate) or b) a friflic acid (trifluoromethanesulphonic 
acid) salt of a metal selected from an alkali metal, a metal of Group II of the Periodic System of Elements, alumi- 
nium, cobalt nickel, zirconium and tin. The amount of catalyst used is such that the catalyst concentration in 
the reaction mixture ranges from 1 to 100 ppm by weight It is stated at column 1 , lines 1 5 to 1 7 erf U.S. 4543430 
that the product preferably being sought is generally an addition product comprising a single unit derived from 
15 epoxide, per molecule. Such products will be of low molecular weight 

In EP 139042, there is disclosed the reaction of poly(active hydrogen) organic compounds with a 
pdyepoxide containing two or more epoxy groups, to produce adducts having both a low oxirane content and 
a low viscosity. The reaction is performed In the presence of a sulphonic add catalyst such as a triflate, espe- 
cially an optionally substituted ammonium triflate. There is no suggestion in EP 139042, that the products so 
20 obtained, after deactivating the sulphonic acid catalyst could be advanced with an aromatic did or phenol. 

It is also known that in order to convert low mdecular weight epoxy materials of high epoxide content into 
higher mdecular weight material of reduced epoxide content such low mdecular weight materials may be adv- 
anced by reaction with polyhydric compounds, in the presence of a catalyst Catalysts which have been con- 
ventionally used in such advancement reactions are tetramethylammonium salts of inorganic adds, espedally 
25 tetramethylammonium chloride. 

These known advancement catalysts have the disadvantage that they need to be used in relatively large 
amounts, typically 0.4% by weight based on the epoxy reactant and the advancement reaction speed is rela- 
tively slow, leading to reaction times of 24 hours or more. 

Surprisingly, we have now found that by utilizing certain triflate salts, as catalysts in the advancement reao 
30 tion of diepoxides with alcohds, very low amounts of the triflate catalyst produces, within very short reaction 
times, materials having increased mdecular weights which are e poxy-terminated products, and which can be 
advanced with an aromatic hydroxy compound, after deactivating the triflate catalyst 

Accordingly, the present invention provides a process for the production of materials having an increased 
mdecular weight relative to the diepoxide starting material, the materials being either a hydroxy-terminated 
36 or e poxy-terminated material which process comprises 

a) reacting a diepoxide with a dihydroxy compound in the presence, as catalyst of a triflate salt of a metal 
of Group IIA, IIB, IIIA, NIB or VIIIA of the Periodic Table of Elements (according to the IUPAC 1970 con- 
vention); 

b) de-activating the triflate salt catalyst and 

40 c) optionally advandng the material produced, in step b), with an aromatic did or phend. 

Preferably, the Group IIA metal triflate catalyst is magnesium triflate; the Group IIB metal triflate catalyst 
fe preferably zinc or cadmium triflate; the Group IIIA metal triflate catalyst is preferably lanthanum triflate; the 
Group IIIB metal triflate catalyst is preferably aluminium triflate; and the Group VIIIA metal triflate catalyst is 
preferably cobalt triflate. 

45 The amount of the metal triflate catalyst used in the process of the present invention preferably ranges from 
10 to 1000 ppm, espedally from 20 to 200 ppm, based on the total weight of the reaction mixture. 

It is generally convenient to employ the metal triflate catalyst in the form of a solution in an organic solvent 
Examples of suitable sd vents indude aromatic hydrocarbon sdvents; cydoaliphatic polar solvents such as cyc- 
loaliphatic ketones e.g. cydohexanone; pdar aliphatic sdvents, such as atkoxyalkands, espedally 2-methoxy- 
so ethand; as well as the did starting material. 

The dihydroxy compound reactant used according to the process of the present invention may be a primary, 
secondary or tertiary did. 

Preferred dihydroxy compound reactants are those having the formula: 

Q(OH)2 I 

55 in which Q is a divalent aliphatic, cydoaliphatic or araliphatic residue. When Q is an aliphatic residue, it may 
be a straight or branched chain CrC 12 alkylene residu . Cydoaliphatic residues Q are preferably Cg-Cs cycl- 
ical kyiene residues in which the cydoalkylene ring may be substituted by substituents such as C t -C 4 alkyl 
groups, or several cydoalkylene residues may be bonded together via a bridge member, e.g. a methylene 
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bridge. Araliphatic residues are preferably optionally ring-substituted benzyl residues or naphthyi methylene 
residues. Each of the residues Q may be substituted or interrupted provided that the substituent groups or inter- 
rupting atoms do not de-activate the metal triflate catalyst, or undergo competing reactions with the liquid 
epoxide. Examples of suitable substituent groups are ester groups as contained in polycaprdactones and 
unsaturated groups as contained in hydraxyMerminated poJybutadienes or polybutadiene copolymers. 

Specific examples of preferred aliphatic dihydroxy compounds reactants of formula I include ethylene 
glycol, diethylene glycol, triethylene glycol and higher pdyoxyethylene glycols; propane- 1,2-did; propane- 1, 3- 
did and higher polyoxypropylene glycols; butane-1,4-did and higher polyoxytetramethylene glycds; neopentyt 
glycol; pentane-1,5-did; hexane-1 f 6-diol; octane-1 ,8-diol; and pdy(caprolactone). 

Specific examples of prefeiTed cyctoaliphatic diols are, e.g. quinitol, resorcitol, bis (4-hydroxycydohexyl) 
methane, 2,2-bis(4-hydroxycydohexyl) propane, cydohexane dimethanol 1, 1-bis{hydroxymethyl) cydohex-3- 
ene, and 4,9-bis(hydraxymethy0tr^ 

Araliphatic did reactants which may be mentioned are 1 ,4-benzenedimethand and 4,4 1 -bis(hyd- 
roxymethyl)biphenyl. 

Suitable diepoxides which may be employed as reactants in the process of the present invention indude 
those containing at least two terminal groups of formula 



directly attached to an atom or atoms of oxygen, nitrogen, or sulphur. 

As examples of such resins may be mentioned diglyddyl esters obtainable by reaction of a compound, con- 
taining two carboxylic add groups per molecule, with epichlorohydrin or glycerol dichlorohydrin in the presence 
of an alkali. Such diglyddyl esters may be derived from aliphatic dicarboxylic adds, e.g. sucdnic add, glutaric 
add, adipic add, pimelic add, suberic add, azelaic add, sebacic acid, and dimerised linoleic acid; from cyc- 
toaliphatic dicarboxylic addsf such as tetrahydrophthalic add, 4-methyltetrahydrophthalic acid, hexahyd- 
rophthalic add, and 4-methylhexahydrophthaIic acid; and from aromatic dicarboxylic adds, such as phthalic 
add, isophthalic acid, and terephthalic add. 

Further examples are diglyddyl ethers obtainable by reaction of a compound containing at least two free 
alcoholic hydroxyl and/or phendic hydroxyl groups per molecule with epichlorohydrin or glycerol dichlorohydrin 
under alkaline conditions or, alternatively, in the presence of an add catalyst and subsequent treatment with 
alkali. These ethers may be made from acydic alcohols such as ethylene glycd, diethylene glycd, and higher 
pdy (oxyethylene)glycds f propane-1,2-dioland poly(oxypropy1ene) glycols, propane-1, 3-dk>l, butane-1,4-did, 
pdy(oxytetramethylene)glycds t pentane-1, 5-did, hexane-2, 4,6-triol, glycerol, 1,1,1-trimethylolpropane, pen- 
taerythritol, and sorbitol; from cydoaliphatic alcohds such as resorcttd, quinitol, bis(4-hydroxycydohexyl)me- 
thane, 2,2-bis(4-hydroxycydohexyl) propane, 1, 1-bis (hydroxymethyl^dohex-^ene and 4,9-bis(hydro- 
xymethyl)tricydo(5 f 2,1,0 2 ^ecane; and from alcohols having aromatic nudei, such as N,N-bts(2-hyd- 
roxyethyl)aniine and p. p 1 -bis(2-hydroxyethylamino)diphenylmethane. Or they may be made from mononudear 
phenols, such as resordnd and hydroquinone, and from polynudear phends, such as bis(4-hyd- 
roxyphenyl)methane f 4.41-dihydroxydiphenyl, bis(4-hydraxyphenyl) sulphone, 1,1,2 f 2-tetrakis(4-hyd- 
raxyphenylHnethane, 2^-bfe(4-hyAoxypheny0propane, 2^-bis(3,5^ibroiiK>4-hydroxyphen^^ (otherwise 
known as tetrabromobtsphend A), and novolaks formed from aldehydes such as formaldehyde, Oacetaldehyde, 
chloral, and furfiiraldehyde, with phenols such as phend itself, and phend substituted in the ring by chlorine 
atoms or by alkyt groups each containing up to nine carbon atoms, such as 4-chlorophend, 2-methylphend, 
and 4-tert-butylphend. 

Di(N-glyddyl) compounds indude, for example, those obtained by dehydrochlorination of the reaction pro- 
ducts of epichlorohydrin with amines containing at least two amino-hydrog n atoms such as anilin , n-butyla- 
mine, bis(4-aminophenyl)methane, and bfe(4-methylaminophenyl)methane; and N,N 1 -diglyddyl derivatives of 
cydic alkylene ureas, such as ethyleneurea and 1 ,3-propylen urea, and hydantoins such as 5,Wimethylhy- 
dantoin. 

Examples of di(S-glyddyl) compounds are di-S-glyddyl derivatives of dithiols such as ethane-1,2-dithid 
and bis(4-mercaptomethylphenyl)ether. 

Diepoxides having the 1, 2-epoxide groups attached to different kinds of hetero atoms may be employed, 
e.g. ^lyddyl-NH2-glycidyl(^^ and 2-g!ycidytoxy-1, S-bis(5,5-dimethyH-glych 

dylhydantoin-3-yl)propane. 
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Diepoxides containing non-terminal epoxide groups may also be employed, such as vinylcycl h xene 
dioxide, limonene dioxide, dicydopentadiene oxid , 4-oxatetracydo (6,2,1 .O^O* 6 ) undeo-9-yl glyddyl ether, 
th bis{4-oxatetracydo (6,2,1 &xjy&) undeo^-yl) ether of ethylene glycol, 3,4^poxycydohexylmethyl-3,4- 
poxycydohexanecaiboxylate and its 6,6 1 -dimethyl derivative, th bis(3,4-epoxycydohexan carboxylate) of 
ethylene glycol or 3^3,4-epoxycydohexyl)^ f 9^poxy-2,4-dto^ 
] Also, if desired, a mixture of d {epoxides may be used. Preferred diepoxides are diglycidyl ethers and diglycidyl 
J esters. Specific preferred diepoxides are diglyddyl ethers of 2,2-bis (4-hydroxyphenyl)propane, of bis(4-hyd- 
roxyphenyl)methane or of a novolak formed from formaldehyde and a phend optionally substituted in the ring 
by one alkyl group, or a phenyl, phenethyl or methylphenethyl group, having a 1,2-epoxide content of 
more than 1 .0 equivalent per kilogram. 

During the course of the advancement reaction of step a) of the process of the present invention, secondary 
alcohol is generated. Towards the end of the advancement reaction in step a), the secondary alcohd groups 
so formed predominate and they can play a significant part in the reaction. 

One advantageous aspect of the present process is that the triflate salt catalyst used in step a) of the pro- 
cess of the invention can be deactivated, thereby stopping the advancement reaction at any desired point in 
the advancement reaction. 

The triflate salt catalyst deactivation may be effected, e.g. by adding an alkali metal hydroxide, e.g. sodium 
hydroxide, thereby converting the triflate metal salt, used and active in step a) of the process of the invention 
into an alkali metal triflate which is inactive as a catalyst in step a) of the process of the invention. Alternatively, 
the metal triflate salt catalyst used in step a) of the process of the present invention may be deactivated by 
adding a metal complexing agent e.g. 8-hydroxyqulnoline. 

In this way, the advancement reaction of step a) of the process of the present invention may be stopped 
when the advanced product reaches a target epoxy value, and downward drift of the epoxide content can be 
prevented during "holding" or "run-out" periods of the epoxy resin manufacture. 

After conducting step b) of the process of the present invention, a further embodiment of the process of 
the present invention comprises advandng, in step c) of the process of the present invention, the product 
obtained in step b) of the process of the present invention, by reaction with an aromatic did or phend. 

The aromatic diol or phenol reactant in step c) of the process of the present invention may be a mononuclear 
aromatic did e.g. resordnol or hydroquinone or, preferably, a di-nudear aromatic did e.g. bis(4-hyd- 
roxyphenyi)methane (bisphenol F), bis(4-hydroxyphenyl) sulphone, 2,2-bts(44iydroxyphenyf)propane (bis- 
phenol A) or 2,2-bis(3,5-dibromo-4-hydroxyphenyl) propane; or phend. 

In step a) of the process of the invention the mdar ratio of diepoxide to dihydroxy compound is usually 
within the range of from 1.02:1 to 50:1 especially from 1.1:1 to 20:1. 

The mdar ratid of the product of step b) of the process of the invention, to the aromatic did reactant is 
usually within the range of from 0.5:1 to 50:1 especially from 0.9:1 to 20:1. The preferred method of performing 
the optional step c) of the process of the present invention is by hearing the reactants at a temperature within 
the range of from 1 00 to 200°C, optionally in the presence of an inert solvent, and in the presence of a catalyst 
such as ethyltriphenytphosphonium iodide, a quaternary ammonium salt or any other conventional advance- 
ment reaction catalyst known to those skilled in the art 

The products of the process of the present invention will have a range of different physical characteristics, 
and will be suitable for a range of disparate end uses, depending, e.g. on whether 1) they have been produced 
by a combination of steps a) and b); or by a combination of steps a), b) and c); and 2) on the curing system 
used to cure the product of the process of the invention. 

This invention, accordingly, further provides curable compositions comprising 1) a product produced 
according to the process of the present invention; and 2) a curing agent for the product of the process of the 
invention. The curing agent component 2), may be e.g., dicyartdiamide, carboxyiic add hydrazides, succini- 
mide, cyanoacetamiderl-cyano-S^C^ alkyl)-guanidines f imidazdes or salts of carboxyiic acids with tertiary 
amines. 

The curing agent component 2), may be one of a great variety of known epoxy curing agents. Examples 
of suitabl curing agents are carboxyiic adds or anhydrides such as phthalic anhydride, tetrahydrophthalic 
anhydride, methyl tetrahydrophthalic anhydrid , 5<neth^bicydo[22 f 1]hept-5-ene-2,3-dicarboxylicackl anhyd- 
ride, pyromellitic dianhydride, trimellitic anhydride, maleic anhydride and dodecenyi succinic anhydride and 
mixtures thereof; dimer or trimer adds deriv d from unsaturated fatty adds; Friedel Crafts metal halides, such 
as aluminium chloride, zinc chloride, boron trifluoride or boron trichloride as well as complexes thereof with 
ethers, add anhydrides, ketones and amines; salts such as zinc fluoro borate, magnesium perchlorate and zinc 
fluorosilicate; aliphatic, aromatic, araliphatic and heterocydic amino compounds, such as, for example, dieth- 
ylene triamine, triethylenetetramine, dicyandiamide, melamine, pyridine, benzyldimethylamine, N.N-diethyl- 
1,3-propanediamine, 4,9-dioxa- 1, 12-dodecanediamine, dibutylamine, dioctylamine, melhylethylamine, 
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pyrrolidine, 2,6-diaminopyridine, 4, 4 1 -diaminodipheny1methan and ring-substituted derivatives thereof, 3,3- 
and 4,4 1 -diaminodiphenylsiilphone, 1,2-, 1,3- and 1,4-phenytenediamines, 2,4-diaminotoluene and ring alky- 
lated derivatives thereof, diaminostflbene, 2,4,6-tris(dimethylaminomethyl) phenol and soluble adducts of 
amines and poly epoxides and their salts. 

The curing agent, component 2) may also be a polyamide containing active amino and/or carboxyi groups, 
especially one containing a plurality of amino hydrogen atoms and prepared by reacting a pdybasic add with 
apdyamine. 

The curing agent, component 2) may further be a carboxylic acid hydrazide such as stearic acid dihyd- 
razide, oxalic acid dihydrazide, adipic acid dihydrazide, sebacic acid dihydrazide or isophthalic acid dihyd- 
razide; it may also be a 1-cyano-3-alkylguanidine such as 1-cyano3-methyl guanidine, or the 3,3-dimethyl or 
3,3-diethyl derivative; an imidazole such as 2-phenylimidazole, N-methylimidazole or 2-ethyl-4-methyl-imi- 
dazole; a salt of a hydroxycarboxyiic acid such as lactic acid or salicylic acid, with a tertiary amine such as a 
Mannich base e.g. 2,4,6-tris(dirrethylamlnomethyl) phenol; cyanoacetamide; or succinimide. 

When the component 1) is a high molecular weight material containing a high ratio of hydroxyl groups to 
epoxide groups the curing agent, component 2) may be also an aminoplast, a phenol foimaldehyde resin or a 
blocked polyisocyanate, the aminoplast or phenol-formaldehyde resin having at least 2 groups of formula 

-CH2OR 

attached directly to an amidic nitrogen atom or atoms, or directly attached to carbon atoms of a phenolic ring, 
where R represents a hydrogen atom or an alkyi group from 1 to 6 carbon atoms. Methyiolated compounds 
which can be used include urea-formaldehyde condensates, aminotriazine-formaldehyde condensates, espe- 
cially melamtne-formaldehyde and benzoguanamlne-formaldehyde condensates, and phenol-formaldehyde 
condensates. These may be etherified if desired, e.g. the n-butyl ethers may be used. Examples of suitable 
blocked polyisocyanates include dkand polyisocyanates blocked with caprolactam, an oxime (e.g. cyc- 
lohexanone oxime), a monohydric phenol (e.g. phenol itself, p-cresd, p-t-butylphenol), or a monohydric alipha- 
tic, cycloaliphatic or araliphatic alcohol (e.g. methanol, n-butanol, decanol, 1-phenylethanol, 2-ethoxyethanol 
and 2-n-butoxyethanol). Suitable isocyanates include aromatic diisocyanates such as 1,3-phenyfene-, 1,4- 
naphthylene-, 2,4- and 2,6-tolylene, and 4,4-methylenebis (phenylene) diisocyanate, and also their prepolym- 
ers with glycols (e.g. ethylene and propylene glycol), glycerol, trimethylolpropane, pentaerythritol, 
diethyfeneglycd, and adducts of alkylene oxides with these aliphatic di-acid polyhydric alcohols. 

The amount of the curing agent component may be varied over a considerable range depending on the 
curing agent used as is understood by those skilled in the art. Thus, for example, the amine curing agents may 
be suitably employed in the range of from 1 to 50 parts by weight, per 100 parts by weight of component 1), 
but where complexes of Friedel Crafts metal halides are used, amounts within the range 0.5 to 10 parts by 
weight, per 100 parts by weight of component 1) will suffice. Where anhydride curing agents are used, it may 
be desirable to add a small amount (0.1 to 5 parts by weight, per 100 parts by weight of component 1)) of an 
accelerator such as a tertiaiy amine, stannous octoate, sulphide or phosphine, to hasten the cure. 

The curable compositions may also contain suitable plasticisers such as dibutyl phthalate and dioctyl phtha- 
late, inert diluents such as tars and bftumen and so-called reactive dfluents, especially monoepoxkJes such as 
n-butyl glycidyi ether, iso-octyl glycidyl ether, phenyl glycidyt ether, cresyl glycidyl ethers, glycidyl esters of 
mixed tertiary, aliphatic, monocarboxylic acids, glycidyl acrylate, and glycidyl methacrylate. They may also con- 
tain additives such as fillers, reinforcing materials, polymeric toughening agents such as polyether sulphones, 
phenoxy resins, and butadiene-acrylonHrile rubbers, colouring matter, flow control agents, flame inhibitors, and 
mould lubricants. Suitable extenders, fillers and reinforcing materials are, for example, glass fibres, carbon fib- 
res, fibres of aromatic pdyamides, ballotini, mica, quartz flour, calcium carbonate, cellulose, kaolin, wollasto- 
nite, colloidal silica having a large specific surface area, powdered poly(vinyl chloride), and powdered polyolefin 
hydrocarbons such as polyethylene and polypropylene. 

The curable compositions of this invention may be used as adhesives, primers for adhesives, laminating 
resins, impregnating and casting resins, moulding compositions, putties and sealing compounds, potting and 
insulating compounds for the electrical industry, but especially as coatings. 

The compositi ns of this invention may be cured by heating them at a suitable temperature, viz. 0 to 250°C, 
which will vary depending on the nature of the curing agent The I ngth of the curing process will also vary 
according to the nature of th curing ag nt but wfll range from 5 minutes to 7 days. 

Those products produced by a combination of steps a) and b) of th process of the invention have an poxy 
content which does not significantly decrease with tim , even at elevated temperatures. Such products may 
find particular use as flexibilized resins or tough ned resins for use in adhesive applications. 

In the field of adhesives, it is known to use, as toughening agents, butadi ne robbers or butadiene-acrylonit- 
rile rubbers. Often, such rubber toughening agents are pre-adducted with the basicepoxy resin. When the pro- 
ducts f the present process, especially the products of steps a) and b) of the process of the present invention, 

5 
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are used in combination with conventional rubber toughening agents, the resulting resin system has a high hyd- 
rolytic stability and is particularly useful in th formulation of adhesive compositions for outdoor use. Similarly 
the products of the present invention are useful in th formulation of laminates and castings providing, in an 
economic and controlled manner, laminates and castings having a modified toughness characteristic. 
5 Those products produced by the combination of steps a), b) and c) of the process of the present invention 
contain a combination of hard and soft segments. Such differently segmented products advantageously find 
use in the formulation of surface coatings, which provide films having improved impact resistance, e.g. flexibi- 
lized tough can coatings or deep draw coatings. 

The following Examples further illustrate the present Invention. 

10 

Example 1 

A sample of bisphend A diglyctdyl ether of epoxide content 5.44 mot/kg (400g) is heated to 160°C and a 
25% solution of zinc triflate in 24nethoxyethanof (0.1g) added. Butanes, 4-diol (56.88g) is then added and the 
is temperature maintained at 160°C for 4 hours, after which time the epoxy content of the reaction is 2.0 mol/Kg. 
A0.1M solution of potassium hydroxide in methanol (1 J5g) is then added. After a further 4 hours at 1 60°C, the 
epoxy value of the mixture has only dropped to 1.98 mol/kg. 

Example 2 ' 

20 

Example 1 is repeated using a 0.1M solution of sodium hydroxide in methanol instead of potassium hyd- 
roxide in methanol. 4 hours after the addition of this solution, the epoxy content of the reaction mixture has 
fallen to 1.95 mol/kg. 

25 Example 3 

Example 1 is repeated using a 0.1 M solution of lithium hydroxide in methanol instead of potassium hyd- 
roxide in methanol. 4 hours after the addition of this solution, the epoxy content of the reaction mixture has 
fallen to 1.90 mol/kg. 

30 

Example 4 

A sample of bisphenol Adiglycidyl ether of epoxide content 5.44 mol/kg (400g) is mixed with cyclohexanone 
(1 14.22g) and heated to 160°C and a 25% solution of zinc triflate in 2-methoxyethanol (0.07g) added. Butane-1 , 
36 4-diol (56.88g) is then added and the temperature raised to 1 80°C. After 5 hours, the epoxy content of the reac- 
tion is 1.57 mol/kg. A 10% solution of 8-hydroxyquinoline in methanol (1.5g) is then added. After a further 4 
hours at 180°C, the epoxy value of the mixture has only dropped to 1.50 mol/kg. 

Examples 

40 

Example 1 is repeated using 76.58g butane-1, 4-diol. After 5 hours, the epoxy content of the reaction mixt- 
ure is 1.13 mol/kg and 4 hours after the addition of the potassium hydroxide solution, this has dropped to 1.08 
mol/kg. 

45 Example 6 

Example 1 is repeated using a 25% solution of lanthanum triflate in 2-methoxyethanol (0.1 5g) instead of 
zinc triflate. 4 hours after the addition of the potassium hydroxide solution, the epoxide content of the reaction 
has only dropped from 1 .94 mol/kg to 1.92 mol/kg. 

50 

Exampl 7 

Example 1 is repeated using a hexane-1, 6-diol (72.71g) instead of butane-1, 4-diol and a 25% solution of 
lanthanum triflate in 2-methoxyethanol (0.225g) instead of zinc triflate. 4 hours after the addition of 2.25g of 
55 the potassium hydroxide solution, the epoxide content of the reaction has only dropped from 2.03 mol/kg to 
1.96 mol/kg. 
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Example 8 

Example 1 is repeated using a 2,2-dimethyl-1 ,3-propanediol (64.09g) instead of butane-1 f 4-diol and a 25% 
solution of lanthanum triflate in 2-methaxyethanol (0.1 5g) instead of zinc triflate. 4 hours after the addition of 
1 .5g of the potassium hydroxide solution, the epoxide content of the reaction has only dropped from 2.14 mol/kg 
1.93 mot/kg. 

sample 9 

A sample of 7^xabi(^oHJ,0]heptane-3-cart)oxylic acid (7-oxabicyclo[4 f 1,0]hept-3-yl)methyl ester of 
epoxide content 7.15 mol/kg (200g) is heated to 160°C and butane-1 ,4~did (42.57g) and 25% solution of lanth- 
anum triflate in 2-methoxyethanol (0.25g) added. The temperature is maintained at 160°C for 4.25 hours after 
which time the epoxide content of the reaction is 2.46 mol/kg. A0.1M solution of potassium hydroxide in 
methanol (Z5g) is then added and after a further 4 hours at 160°C the epoxide content of the reaction has only 
fallen to Z36 mol/kg. 

Example 10 

A sample of bisphenol A diglyctdyl ether of epoxide content 5.44 mol/kg (500g) and cyclohexanone (1 34.4g) 
are heated to 160°C and 25% zinc triflate in 2-methoxyethanol (0.15g) added. Butane-1, 4-diol (37.75g) is then 
added and after 1.5 hours reaction the epoxide content of the mixture Is 2.71 mol/kg. A solution of 0.1 M potas- 
sium hydroxide in methanol (2.25g) Is then added, followed by ethyltriphenylphosphonium bromide (0.25g), and 
bisphenol A (1 19.37g). The temperature is raised to 180°C and, after 5 hours reaction time, the epoxide content 
of the reaction mixture has fallen to the target value of 0.95 mol/kg. 

Example 11 

Example 7 is repeated, except that after the addition of the potassium hydroxide solution, a 25% solution 
of ethyltriphenylphosphonium iodide in methanol (0.2g) is added together with bisphenol A (48.43g). After a 
further 4 hours at 1 60°C the epoxide content of the reaction has fallen to the target value of 0.95 mol/kg. 

Example 12 

Example 6 is repeated, except that after the addition of the potassium hydroxide solution, a 25% solution 
of ethyltriphenylphosphonium iodide in methanol (0.2g) is added together with resorcinol (23.64g). After a 
further 3 hours at 160°C the epoxide content of the reaction has fallen to the target value of 0.94 mol/kg. 

Example 13 

Example 1 is repeated using a 25% solution of lanthanum triflate in 2-methoxyethanol (0.1 5g) instead of 
zinc triflate. After the addition of the potassium hydroxide solution, a 25% solution of ethyltriphenylphosphonium 
iodide in methanol (0.2g) is added together with bisphenol A (46.81 g). After a further 4 hours at 160°C, the 
epoxide content of the reaction has fallen to the target value of 1 .00 mol/kg. 

EXAMPLE 14 

A sample of bisphenol A diglycidyl ether of epoxide content 5.44 mol/kg (400g) Is heated to 160°C and a 
25% solution of zinc triflate in 2-methoxyethanol (0.12g) added. Butane-1. 4-diol (21.99g) is then added and 
the temperature maintained at 160°C for 3hrs 40mins, after which time the epoxy value is 3.0 mol/kg. A 0.1 M 
sduti n of potassium hydroxide in methanol (1 .5g) is then added, followed by thyltriphenylphosphonium iodide 
(0.2g) and bisphenol A (165.83g). After a further 4hrs 20mins at 1 60°C the epoxide content of the reaction mixt- 
ure has fallen to 0.4mol/kg. 

EXAMPLE 15 

A formulation is made up from the product from Exampl 1 4 (80 parts) dissolved in a mixture of 1 -methoxy- 
2-propanol (130.6 parts), 1-methoxy-2-propyl acetate (37.4 parts) and 4-methy1pentan-2-one (18.7 parts); 
Cymel 1 141 (a commercial grade of etherified methylolated m lamin resin) (20 parts) dissolved in butan-1-d 
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(20 parts); orth phosphoric acid (2.5 parts) dissolved in butan-1-d (22.5 parts); 1-methoxy-2-propanol (25.2 
parts), 1-methoxy-2-propyl acetate (7.2 parts) and 4-methyipentan-2-one (3.6 parts). This formulation was 
applied as a 5\i coating to both degreased steel and aluminium and cured for 20 mins at 205°C. The reverse 
Impact strength of the coating on steel was >200 cm.kp.; the acetone rub resistance on aluminium (20 rubs) 
was rating 1-2; the cross hatch adhesion on aluminium (DIN 53151) was rating 0; the acetic acid resistance 
on aluminium (6 hrs at 98°C in 2% acetic acid) was rating 1-2; and the wedge bend test (using Erichsen equip- 
ment model 471) yielded a value of 4.4cm on aluminium. 

EXAMPLE 16 

A sample of solid bisphenol A epoxy resin of epoxide content 0.6 mol/kg. (400g) and cydohexanone 
(100.89g) was heated to 160°C and 25% zinc triflate in methoxyethanol (0.3g) and butane-1,4-dioJ (3.56g) 
added. The reaction was maintained at 160°C for 3hrs, after which time the epoxide content of the reaction 
was 0.24 mol/kg. A 0.1 M solution of potassium hydroxide in methanol (2.5g) was added and the mixture run 
out into aluminium trays. 

EXAMPLE 17 

A formulation is made up from the product from Example 1 6 (80 parts) dissolved in a mixture of 1 -methoxy- 
2-propanol (130.6 parts), 1-methoxy-2-propyl acetate (37.4 parts) and 4-methy1pentan-2-one (18.7 parts); 
Cymel 1 141 (a commercial grade of etherffied methylolated mefamine resin) (20 parts) dissolved in butan-1-ol 
(20 parts); orthophosphoric acid (2.5 parts) dissolved in butan-1-ol (22.5 parts); 1-methoxy-2-propanol (25.2 
parts), 1-methoxy-2-propyl acetate (7.2 parts) and 4-methylpentan-2-one 3.6 parts). This formulation was 
applied as a 5\i coating to both degreased steel and aluminium and cured for 20 mins at 205°C. The reverse 
impact strength of the coating on steel was >200 cm.kp.; the acetone rub resistance on aluminium (20 rubs) 
was rating 0; the cross hatch adhesion on aluminium (DIN 53151) was rating 0; the acetic acid resistance on 
aluminium (6 hrs at 98°: in 2% acetic add) was rating 0; and the wedge bend test (using Erichsen equipment 
model 471) yielded a value of 6cm on aluminium. 



Claims 

1. A process for the production of a material having an increased molecular weight relative to the diepoxide 
starting material the material being either a hydroxy-terminated or an e poxy-terminated material compris- 
ing 

a) reacting a diepoxide with a dihydroxy compound, in the presence, as catalyst, of a triflate salt of a 
metal of Group IIA, IIB, IIIA, NIB, or VlllA of the Periodic Table of Elements (according to the IUPAC 
1970 convention); 

b) de-activating the triflate salt catalyst; and 

c) optionally advancing the material produced in step b), with an aromatic did or phenol. 

2. A process according to claim 1 in which the Group IIA metal triflate catalyst is magnesium triflate; the Group 
IIB metal catalyst is a zinc or cadmium triflate; the Group IIIA metal catalyst is lanthanum triflate; the Group 
IIIB metal catalyst is aluminium triflate; and the Group VlllA metal catalyst is cobalt triflate. 

3. A process according to claim 1 in which the amount of the metal triflate catalyst used ranges from 20 to 
200 ppm, based ontfie total weight of the reaction mixture. 

4. A process according to claim 1 in which the metal triflate catalyst is employed in the form of a solution in 
an organic solvent 

5. A process according to claim 4 in which the organic solvent is an aromatic hydrocarbon solvent a cyc- 
loaliphatic polar solvent; or a polar aliphatic solvent 

6. A process according to any of th preceding claims in which the dihydroxy compound reactent is a com- 
pound having the formula I: 

Q(OHh I 

in which Q is a divalent aliphatic, cycloaliphatic or araliphatic residue. 
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7. A process according to claim 6 in which Q is a straight or branched chain CrC^ aikylene residu ; an 
optionally substituted Cs-Cs cycloalkylene residue which may comprise several cydoalkyten residues 
bonded together via a bridg member or an optionally ring-substituted benzyl residue. 

8. A process according to claim 6 or 7 in which the aliphatic dihydroxy compound is ethylene glycol; dieth- 
ylene glycol, Methylene glycol or a higher polyoxyethylene glycol; propane-1,2-did; propane-1,3-did or 
a higher polyoxypropylene glycol; butane-1 f 4-diol f or higher pdyoxytetramethylene glycol; neopentyl 
glycol; pentane-1 ,5-dlol; hexane-1 ,6-did; octane-1 ,8-diol; or a poly(caprolactone). 

9. A process according to claim 5 or 6 in which the cycloaliphatic dihydroxy compound is quinttol, resordtd, 
bis(4-hydroxycydohexyl) methane, 2,2-bis(4-hydroxycyctohexyl) propane, cydohexane dimethand 1,1- 
bis(hydraxymethyi) cydohex-3-ene or4,94>is(hydraxymethy0tri^ 

1 0. A process according to daim 6 or 7 in which the araliphatic dihydroxy compound is 1 ,4-benzenedimethand 
or 4,4 1 -bis(hydroxymethyl)biphenyl. 

11. A process according to any of the preceding daims in which the diepoxide readant is a diglyddyl ether 
or diglycidyl ester. 

12. A process according to daim 1 1 in which the diepoxide is a diglyddyl ether of 2,2-bis(4-hydroxyphenyl) 
propane, of bis(4-hydroxyphenyl) methane or of a novdak formed (ram formaldehyde and phend 
optionally subsisted In the ring by one alkyl group, or a phenyl, phenethyl or methylphenethyl group, 
having a 1 ^-epoxide content of more than 1 .0 equivalent per kilogram. 

13. A process according to any of the preceding daims in which the triflate salt catalyst deactivation, in step 
b), is effeded by adding an alkali metal hydroxide, or by adding a metal complexing agent 

14. A process according to claim 13 in which the metal complexing agent b 8-hydroxyquindine. 

15. A process according to any of the preceding claims in which the aromatic did readant is Ns(4-hyd- 
roxyphenyO methane (bisphend F), bis(4-hydroxyphenyl) sulphone, 2,2-bis(4-hydroxyphenyl)propane 
(bisphenol A) or 2,2-bis(3,5-dibromo4-hydroxyphenyl) propane. 

16. A process according to any of the preceding daims in which the mdar ratio of the produd of step b), to 
the aromatic did readant in step c) of the process, ranges from 0.5:1 to 50:1. 

17. A process according to any of the preceding daims in which step c) of the process is performed by heating 
the readants at a temperature within the range of from 100° to 200°C, in the presence of a base and 
optionally, in the presence of an inert solvent 

18. A curable composition comprising 1) a hydroxy-tenminated or epoxy-terminated produd produced by a pro- 
cess daimed in any of the preceding daims and 2) a curing agent for the produd 1 ). 

19. A composition according to daim 18 in which the curing agent is a carboxylic add or anhydride, and mixt- 
ures of these; dimer or trimer adds derived from unsaturated fatly adds; Friedd Crafts metal ha] ides or 
complexes of these with ethers, add anhydrides, ketones or amines; salts; aliphatic, aromatic, araliphatic 
or heterocydic aojino compounds, or sduble adduds of amines and polyepoxides and their salts; a 
pdyamide containing active amino and/or carboxyl groups; a carboxylic add hydrazide; a 1-cyano-3-alkyl- 
guanidine; an imidazde; a salt of a hydroxycarbdxylic add wfth a tertiary amine; cyanoacetamide; suo- 
cinimide; an aminoplast; a phend formaldehyde resin; or a blocked pdyisocyanate. 

20. A composition according to daim 18 or 19 in which the curing agent is an amine and the amount of the 
amine curing agent ranges from 1.0 to 50 parts by weight; or the curing agent is a complex of a Friedel 
Crafts catalyst and th amount of th complex ranges from 0.5 to 10 parts by weight; each based on 100 
parts by weight of component 1). 

21. A composition according to daim 18 to 19 in which the curing agent is an anhydride and 0.1 to 5 parts by 
weight of an accelerator is also present, based on 1 00 parts by weight d component 1). 



